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HPC Challenge(HPCC) Benchmarks
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® HPCC Award Competition at Supercomputer Conference T%
INENTWS (BE10/240MweYID)

® |n Class 1, only the performance of an HPC system is evaluated

® |n Class 2, the productivity and performance of a programming language

are evaluated

® 4> DHPCC Benchmarks®R
e STREAM 3D k%2R
® RandomAccess ©2DETOD, MONYFI—V%
® High Performance Linpack (HPL) SENIEILE
® Fast Fourier Transform (FFT) o IEEYNYFVY— ZIBIN




Environment

The K computer
CPU SPARC64 VllIfx 2.0GHz é‘
8Cores, 128GFlops e
DDR3 SDRAM 16GB
Memory 64GB/s/Socket
Torus fusion six-dimensional
Network mesh/torus network, 5GB/s http://www.aics.riken.jp

o SODFEE(FISCI3IERICAFULEXYT (omni xmp compiler DHPT)
o EEDFFMIFPGAS2013THRE (FFTLIFAUELL S, STREAMIZZAZW)

N|2

® http://www.pgas2013.org.uk
o FCURLTRB\BHLHSNTET




STREAM : 3£

o XEVU/)NY RigZFEICHITE
0 JERICEHMBNRYFY—7. H—XILEADICREIFFHRE UL
o SN N—XILED

for(k=0; k<NTIMES; k++) {
times[k] = -xmp_wtime();

for (j=0; j<size; j++)
alj] =b[j] + scalar*c[j];

times[k] += xmp_wtime();

§
triadGBs = (F DB MS RN —TvhEFTE)
#pragma xmp reduction(+:triadGBs)




STREAM : 14gE

flat-MPITT21T 332TB/s for 8192./—K (65536 Cores)
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RandomAccess

® The RandomAccess benchmark measures the performance of
random integer updates of memory via interconnect

® B(K/ —RDFHIF, XEVDIVILTIELRADRE
o B/ —RDHZHEIE, XY NT—TDEENEEICKD
o KRT7OLRIL, MOT7OCLRDT—TILZEHITS
o O—AJ)LE 12— (Coarray) HHEWVWTWS : Puti@fg
® BELNHZRSIICH., FyrrI/BICEEZITD

® HFICMEBERE SN ZILADHIC, EET—FY DRVDERICERY =
KA

® post/waitliE Xz {E > T, HFIC/EW I & ZRiE
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RandomAccess : Ei&

u64Int recv[MAXLOGPROCS][RCHUNK+11:[*]; CoarrayDES

for(...)1

send[isend][0] = nsend; // set "number of transfer elements" BERM A
recv[j][0:nsend+1 ]:[send_target] = send[isend][O:nsend+1]; PUT
#pragma xmp sync_memory
#pragma xmp post(p(send_target), O)
PUTDSE T %=
#pragma xmp wait(p(recv_target)) {REF
#pragma xmp sync_memory
nrecv = recv[j-1][0];
sort_data(&recv[j-1][1], nrecv, ..);




Performance of RandomAccess
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The modified hpcec-1.4 RandomAccess,

v O—A )L DI Z RAICE&E{L U 7zRandomAccess
—+— modified hpcc-1.4.2
| —+— XcalableMP ) 163GUPS in 16,384 nodes
: (131,072 CPU Cores)

® GUPS (Giga UPdates per Second)
® flat-MPI (8 Process/Node)
o MPIDOAMNTE%BIFEEHEES L

® post/waitDEEZ HEF
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High Performance Linpack (HPL)

o FITHDENL —RAFERN = LU #E THE <
® Topb00 THHEWSNTWS, FEVNMFEREEN B EET S

o REBITIZ2RTT7AYIYA7 )y I nEIFTS (hpece-1.4E£FU)

® DGEMMICIFRERMEHUTWBBLASZ A 75U ZRHAWS

B node 1
node 2

double A[N][N];

#pragma xmp nodes p(4,2)

#pragma xmp template t(0:N-1, O:N-1)

#pragma xmp distribute t(cyclic(NB), \
cyclic(NB)) onto p

#pragma xmp align A[i][j] with t(j,i) N EEE node 8
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High Performance Linpack (HPL)

4

® gmovelsRXZRLZ/(RILEnX i ANIN] LIN]INB]

double A L[N][NB];
#pragma xmp align L[i][*] with t(*,1i) .
#praéma Xmp gmove
L[k:1len][@:NB] = A[k:1len][j:NB];
len | Panel Broadcast
A[N][N
NB { Il node 1
node 2
B
[ M ICT— Y &K T B
B node 8 (& BT —YZEmET S

——

NB



Performance of HPL

® 8 Threads/Process on 1 node
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Fast Fourier Transform (FFT)

® FFT measures the floating point rate of execution for double-
precision complex one-dimensional Discrete Fourier Transform

o FFTES/A 75V (by Si84%4E@ARA)
® http://www.ffte.jp

® RHAICEHE{L ( Daisuke Takahashi, Atsuya Uno, and Mitsuo Yokokawa.
“An Implementation of Parallel 1-D FFT on the K computer”, IEEE 14th International
Conference on High Performance Computing and Communications, 2012)

® MPITERE 1 /=FFTEDmain kernel® 12 %z XMP1{t

® PGAS2013& MEW
® {THDEREICHIAREE XMP_TRANSPOSE() Z ] F
o NETITLNZ/N\yF VIR ERAL Y RIS




Fast Fourier Transform (FFT)

A(NX,NY)
I$XMP template tx(NX)

I$XMP template ty(NY) _\ B(NY,NX)
l$XMP distribute tx(block) onto p
I$XMP distribute ty(block) onto p

I$XMP align A(*,i) with ty(i)
l$XMP align B(*,1i) with tx(i)
I$XMP align W(*,i) with tx(i)

& (alltoall)

CALL XMP_TRANSPOSE(B,A,1)

I$XMP loop on tx(I)

I$OMP parallel do
DO I=1,NX ‘\\\\\\\\\\\\\\
DO J=1,NY
B(J,I)=B(J3,I)*W(J,I)

END DO
END DO

"~ OpenMP + XMP




Performance of FFT
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o JEEMEMMAEN I — NOMURFHEDLHICRT v Y Y AENEEE TV
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o AT VYIEHE

o reflect/shadowiE~"X (RADER(L)




RN FI—T

I$xmp shadow p(0,2:1,2:1) D TE = olE 2 EXECS
if};).(mp reflect (p) *EIE@EJ,HH

DO loop=1,nn

l$xmp loop (J,K) on t(*,3,K)
DO K = 2, kmax-1
DO J = 2, jmax-1
DO I = 2, imax-1 ZFEKIRD

SO = a(I,J,K,1)*p(I+1,3,K) + ... e ~
SS = (Sexa(I,3J,K,4)-p(I,J,K))*bnd(T,3,K) RENYTF =TI

GOSA = GOSA + SS * SS XMPIEIRX Z
enddo BINT 2DHT
enddo St
erddo S AEN:
$xmp reflect (p) #h oD [F1HA
I$xmp reduction (+:GOSA)

end do
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299 TFlops (XMP) for 131,072 Cores
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tDPGASEE & DITED LB

® Comparison with Other PGAS Implementations & MPI (hpcc-1.4)
® HPCC Awards class2 in 2011 and 2012

Lang. STREAM RandomAccess HPL FFT
(modified hpce-1.4 &
XMP 66 250 306 —
ZIEREU)
Coarray 63 409 786 450
Fortran
Chapel 72 112 658 (NO DATA)
X10 60 143 708 236 + FFTE
(hpI(\:/ICF_’; 4) 329 938 8,800 1904
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